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ABSTRACT  The  essential  oil  from  aerial  parts  of  Ruta  chalepensis  L.  (Sapindales:  Rutaceae)  was 
obtained  by  hydrodistillation,  and  its  chemical  profile  was  identified  using  gas  chromatography  and 
gas  chromatography-mass  spectrometry.  Compounds,  2-undecanone  (43.2%),  2-nonanone  (27.9%), 
and  2-nonyl  acetate  (10.6%)  were  the  major  constituents  of  the  oil.  Biting  deterrent  activity  of  R. 
chalepensis  essential  oil  at  10  and  50  p,gl  cm2,  2-undecanone  at  8.5  p,gl  cm2,  2-nonanone  at  9  p,gl  cm2, 
and  2-nonyl  acetate  at  9.3  /xg/cm2  was  similar  to  DEET  (N,  N-diethyl-meta-toluamide)  at  4.8  pgl  cm2, 
against  Aedes  aegypti  L.  Biting  deterrent  activity  of  R.  chalepensis  oil  at  50  pgl  cm2  against  Anopheles 
quadrirnaculatus  Say  was  statistically  similar  to  DEET  at  4.8  p~g!  cm2,  whereas  the  activity  was  lower 
in  the  other  compounds  tested.  In  cloth  patch  assay,  R.  chalepiensis  essential  oil  was  effective  at  187 
p,g/ cm2,  whereas  2-undecanone  was  effective  at  108.9  pig /  cm2  against  Ae.  aegypti.  In  larval  bioassays, 
2-undecanone  showed  similar  toxicity  whereas  toxicity  of  R.  chalepensis  essential  oil  and  2-nonanone 
was  higher  at  24-h  posttreatment  at  the  LD50  in  An.  quadrirnaculatus  than  Ae.  aegypti.  This  study 
revealed  that  R.  chalepensis  essential  oil  and  its  major  compounds  were  active  biting  deterrents  against 
Ae.  aegypti  at  higher  application  rates  whereas  only  the  essential  oil  showed  activity  similar  to  DEET 
against  An.  quadrirnaculatus.  2-undecanone  was  the  most  active  compound  in  in  vivo  repellency 
bioassay  against  Ae.  aegypti.  Chemical  composition  of  R.  chale^rensis  essential  oil  varies  because  of  plant 
production  and  harvest  practices,  and  the  activity  level  of  the  essential  oil  may  depend  on  the  source 
of  the  sample. 
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Mosquitoes  are  vectors  for  many  pathogens  that  cause 
human  diseases  like  malaria,  dengue  fever,  yellow  fe¬ 
ver,  Rift  Valley  fever,  and  Chikungunya.  When  sig¬ 
nificant  levels  of  transmission  occur,  epidemics  can 
result  in  high  rates  of  human  morbidity  and  mortality. 
The  primary  method  to  control  mosquitoes  relies  on 
use  of  biological  and  synthetic  insecticides.  Owing  to 
continuous  chemical  use,  mosquitoes  have  developed 
resistance  against  many  currently  used  commercial 
pyrethroids  (Chandre  et  al.  1999).  Therefore,  there  is 
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an  urgent  need  to  search  and  identify  new  effective 
alternatives  to  insecticides  to  control  these  vectors. 

The  genus  Ruta,  known  as  common  rue,  belongs  to 
the  Rutaceae  family,  which  features  many  shrubby 
plants  that  are  native  to  the  Mediterranean  region  and 
are  represented  by  40  species  in  the  world  (Daniel 
2006) .  Out  of  these  40,  only  two  species  Ruta  chalepen¬ 
sis  L.  and  Ruta  montana  L.,  are  widespread  in  Turkey 
(Davis  1967) .  R.  chalepensis  is  commonly  called  ‘sedef 
otu’  (psoriasis  herb)  in  Turkey  and  is  used  in  decoc¬ 
tion  as  emmenagogue  and  analgesic  (Baytop  1999). 

R.  chalepensis  is  used  as  traditional  medicine  in 
many  countries  to  treat  a  variety  of  diseases  like  rheu¬ 
matism,  neuralgia,  menstrual  bleeding,  fever,  arthritis, 
hepatic  diseases,  antifertility,  and  gastrointestinal  dis¬ 
orders  (Gunaydin  and  Savci  2005,  Gonzalez-Trujano 
et  al.  2006).  The  plant  also  has  analgesic,  antipyretic, 
anti-inflammatory,  antifungal,  emmenagogue,  insect 
repellent,  molluscicidal,  nematicidal,  antimicrobial, 
antihelmintic,  sedative,  and  antiplatelet  properties 
(Gunaydin  and  Savci  2005,  Shehadeh  et  al.  2007,  Ntalli 
et  al.  2011).  R.  chalepensis  ("ruda  in  Mexico  ”)  is  used 
in  decoction  as  a  medicinal  remedy  to  treat  cultural 
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diseases  such  as  “empacho”  (gastrointestinal  illness) 
and  is  reportedly  used  against  “mal  de  ojo”  (evil  eye) 
and  for  “spiritual  cleansings”  (Gonzalez-Trujano  et  al. 
2006).  Phytochemical  research  on  R.  chalepensis  has 
revealed  the  presence  of  alkaloids,  anthraquinones, 
tannins,  flavonoids,  cyanogenic  glycosides,  cardiac 
glycosides,  triterpenes,  saponins,  sterols,  furanocou- 
marins,  and  essential  oils  (Gunaydin  and  Savci  2005, 
Michael  2005,  Escher  et  al.  2006). 

An  infusion  of  R.  chalepensis  leaves  rubbed  onto  skin 
has  been  purported  to  be  repellent  to  mosquitoes  and 
other  insects  by  farmers  and  shepherds  in  rural  and 
mountainous  areas  of  Marche  and  Latium,  Central 
Italy  (Guarrera  1999) .  In  the  same  Italian  countryside, 
R.  graveolens  leaves  were  set  under  the  bed  to  repel 
bugs  and  mice  (Guarrera  1999).  A  decoction  of  Ruta 
species  also  has  been  used  topically  against  scabies, 
lice,  and  fleas,  to  repel  insects  and  to  treat  intestinal 
worms  in  livestock  (Feo  et  al.  2002).  Because  ethno- 
botanical  studies  show  that  R.  chalepensis  repels  mos¬ 
quitoes  and  other  insects  (Hadis  et  al.  2003);  we  eval¬ 
uated  R.  chalepensis  essential  oil  and  its  major 
compounds  for  their  biting  deterrent,  repellent,  and 
larvicidal  activity  against  the  yellowfever  mosquito, 
Ae.  aegypti  and  a  common  malaria  mosquito,  An. 
quadrimaculatus. 


Materials  and  Methods 

Plant  Material  and  Chemicals.  The  aerial  parts  of  R. 
chalepensis  were  collected  in  Alanya,  Turkey,  in  May 
2009,  and  voucher  specimens  were  deposited  at  the 
Faculty  of  Pharmacy  Herbarium,  Anadolu  University, 
Eskisehir,  Turkey  (ESSE:  14574) .  Standards  of  both 
2-undecanone  (purity  £99%)  and 2-nonanone  (purity 
£99%)  were  purchased  from  Sigma-Aldrich  (St. 
Louis,  MO),  and  2-nonyl  acetate  (purity  £98%)  was 
purchased  from  TCI  Japan  (Tokyo  Kasei  Kogyo  Co., 
Ltcl,  Chuo-ku,  Japan). 

Isolation  of  Essential  Oil.  The  essential  oil  from 
needles  of  the  air-dried  plant  was  isolated  by  hydro¬ 
distillation  for  3-h  using  a  Clevenger-type  apparatus 
(European  Pharmacopoeia  2005).  The  essential  oil 
was  dried  over  anhydrous  sodium  sulfate  and  stored  in 
sealed  amber  vial  at  4°C. 

Gas  Chromatography-Mass  Spectrometry  Analysis 
Conditions.  The  gas  chromatography-mass  spectrom¬ 
etry  (GC-MS)  analysis  was  carried  out  with  an  Agilent 
5975  GC-MSD  system  (SEM  Ltd.,  Istanbul,  Turkey). 
Innowax  FSC  column  (60  m  X  0.25  mm,  0.25  pm  film 
thickness;  SEM  Ltd. )  was  used  with  helium  as  carrier 
gas  (0.8  ml/ min) .  The  GC  oven  temperature  was  kept 
at  60°C  for  10  min  followed  by  an  increase  to  220°C  at 
a  rate  of  4°C/min.  The  oven  was  kept  constant  at  220°C 
for  10  min  and  then  the  temperature  increased  to 
240°C  at  a  rate  of  1°C/  min.  The  split  ratio  was  adjusted 
at  40:1.  The  oil  was  injected  at  a  20%  concentration  in 
n-hexane,  and  the  analyses  were  carried  out  in  tripli¬ 
cate.  The  injector  temperature  was  set  at  250°C.  Mass 
spectra  were  recorded  at  70  with  mass  range  of  m/z 
35-450. 


GC  Analyses.  The  GC  analysis  was  carried  out  using 
an  Agilent  6890N  GC  system  (SEM  Ltd.).  The  flame 
ionization  detector  (FID)  temperature  was  set  at 
300°C.  Simultaneous  auto-injection  was  done  using  an 
identical  column  under  the  same  temperature  pro¬ 
gram  to  obtain  the  same  elution  order  with  GC-MS. 
The  relative  percentage  amounts  of  the  separated 
compounds  were  calculated  from  peaks  in  the  GC- 
FID  chromatograms. 

Identification  of  Components.  Tentative  identifica¬ 
tion  of  the  essential  oil  components  were  conducted 
by  comparison  of  their  relative  retention  times  (RT) 
with  those  of  authentic  samples  or  by  comparison  of 
their  relative  retention  index  (RRI)  to  a  series  of 
n-alkanes.  Peak  matching  was  aided  by  in-house 
“Baser  Library  of  Essential  Oil  Constituents”  with 
commercial  libraries  (Wiley  GC/MS  Library,  Adams 
Library,  Mass  Finder  3  Library;  McLafferty  and 
Stauffer  1989,  Koenig  et  al.  2004).  Components  of 
known  oils,  authentic  standards  as  well  as  MS  litera¬ 
ture  data  (Joulain  and  Koenig  1998;  ESO  2000)  were 
used  for  the  characterization  of  components. 

Insects.  Ae.  aegypti  and  An.  quadrimaculatus  used  in 
these  studies  were  from  a  laboratory  colony  main¬ 
tained  at  the  Mosquito  and  Fly  Research  Unit  at  the 
Center  for  Medical,  Agricultural  and  Veterinary  En¬ 
tomology,  United  States  Department  of  Agriculture- 
Agricultural  Research  Service  (USDA-ARS),  Gaines¬ 
ville,  FL  (Pridgeon  et  al.  2007).  For  biting  deterrence 
and  repellent  bioassays,  pupae  were  maintained  in  the 
laboratory  at  27  ±  2°C  and  60  ±  10%  relative  humidity 
(RH) ,  and  5-  to  13-d-old  adult  females  were  used.  For 
larval  bioassays,  the  eggs  were  hatched,  and  the  larvae 
were  maintained  at  a  temperature  of  27  ±  2°C,  60  ± 
10%  RH,  and  a  photoperiod  of  12:12  (L:D)  h. 

Mosquito  Biting  Bioassays.  Experiments  were  con¬ 
ducted  by  using  a  six-celled  in  vitro  Klun  and  Debboun 
(K&D)  module  bioassay  system  developed  by  Klun  et 
al.  (2005)  for  quantitative  evaluation  of  bite  deterrent 
properties  of  candidate  compounds.  Briefly  the  assay 
system  consists  of  a  six-well  reservoir  with  each  of  the 
3  by  4  cm  wells  containing  6  ml  of  blood.  As  described 
by  Ali  et  al.  (2012),  a  feeding  solution  consisting  of 
CPDA-1  and  ATP  was  used  instead  of  blood.  R. 
chalepensis  essential  oil,  2-undecanone,  2-nonanone, 
and  2-nonyl  acetate  were  tested  in  this  study.  Treat¬ 
ments  were  applied  at  the  following  two  rates  (jag  / 
cm2):  R.  chalepensis  essential  oil  (10,  50),  2-undecan¬ 
one  (4.25,  8.5),  2-nonanone  (4.5,  9),  and  2-nonyl 
acetate  (4.65,  9.3),  and  DEET  (97%,  N,  N-diethyl- 
mefa-toluamide;  Sigma-Aldrich)  at  4.8  ju,g/ cm2  was 
used  as  positive  control.  All  the  treatments  were 
freshly  prepared  in  molecular  biology  grade  100%  eth¬ 
anol  (Fisher  Chemical  Co.,  Fairlawn,  NJ)  at  the  time 
of  bioassay. 

The  temperature  of  the  solution  in  the  reservoirs 
was  maintained  at  37.5°C  by  continuously  passing  the 
warm  water  through  the  reservoir  using  a  circulatory 
bath.  The  reservoirs  were  covered  with  a  layer  of 
collagen  membrane  (Devro,  Sandy  Run,  SC) .  The  test 
compounds  were  randomly  applied  to  six  4  by  5  cm 
areas  of  organdy  cloth  and  positioned  over  the  mem- 
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brane-covered  CPDA-1  +  ATP  solution  with  a  Teflon 
separator  placed  between  the  treated  cloth  and  the 
six-celled  module  to  prevent  the  contamination  of  the 
module.  A  six-celled  K&D  module  containing  five 
female  mosquitoes  per  cell  was  positioned  over  cloth 
treatments  covering  the  six  CPDA-1  +  ATP  solution 
membrane  wells,  and  trap  doors  were  opened  to  ex¬ 
pose  the  treatments  to  these  females.  The  number  of 
mosquitoes  biting  through  cloth  treatments  in  each 
cell  was  recorded  after  a  3-min  exposure,  and  mos¬ 
quitoes  were  prodded  back  into  the  cells  to  check  the 
actual  feeding.  These  mosquitoes  were  then  squashed 
to  determine  the  numbers  that  had  actually  imbibed 
the  solution.  A  replicate  consisted  of  six  treatments: 
four  test  compounds,  DEET  (a  standard  biting  deter¬ 
rent),  and  ethanol- treated  organdy  as  solvent  control 
applied  randomly.  Three  sets  of  five  replications  each 
with  five  females  per  treatment  were  conducted  on 
three  different  days  using  a  newly  treated  organdy  and 
a  new  batch  of  females  in  each  replication.  Treatments 
were  replicated  15  times  for  Ae.  aegypti  and  five  times 
for  An.  quadrimaculatus. 

Mosquito  Repellent  Assays.  Ae.  aegypti  pupae  were 
maintained  in  the  laboratory  for  adult  emergence. 
Experiments  were  conducted  by  using  5-  to  9-d-old 
females  that  were  selected  from  the  stock  cages  by  a 
hand-draw  box  (Posey  and  Schreck  1981).  Approxi¬ 
mately  500  (±10%)  mosquitoes,  consisting  primarily 
of  females,  were  collected  and  loaded  into  a  test  cage 
(size  of  45  by  37.5  by  35  cm)  and  held  in  the  cage  for 
25  (±2.5)  min  before  initiating  repellency  assays  (Bar¬ 
nard  et  al.  2007) . 

An  in  vivo  “cloth  patch  assay”  with  a  series  of  dos¬ 
ages  of  the  essential  oil  and  its  components  was  used 
to  determine  the  minimum  effective  dose  for  repel¬ 
lency  of  Ae.  aegypti.  Minimum  effective  dose  (MED) 
refers  to  a  concentration  of  the  chemical  at  which 
biting  is  <1%  out  of  500  females  in  a  cage,  received 
during  1-min  exposure  period.  Series  of  the  concen¬ 
trations  of  a  treatment  are  tested  starting  from  the 
middle  of  the  road  until  the  desired  concentration 
where  <1%  (five  bites)  is  achieved.  R.  chalepensis 
essential  oil,  2-undecanone,  2-nonanone,  and  2-nonyl 
acetate  were  the  treatments  in  this  study.  Each  treat¬ 
ment  was  weighed  into  2-dram  vials  and  dissolved  by 
addition  of  2  ml  molecular  biology  grade  100%  ethanol 
(Fisher,  Waltham,  MA).  The  initial  weight  of  the 
treatment  was  measured  so  that  when  one  half  was 
removed  and  a  50-cm2  muslin  cloth  was  added  to  the 
vial,  the  remaining  1-ml  solution  would  produce  an 
initial  concentration  of  1,500  pg/cm2  on  cloth.  Serial 
dilutions  were  made  analogously  such  that  the  con¬ 
centrations  on  cloth  for  the  remaining  1  ml  solution 
were  750,  375,  187,  94,  47,  23,  11,  and  5  pg/cm2.  Vials 
were  sealed  and  stored  at  — 4°C  in  a  freezer  until 
testing  (normally  <48  h).  The  conduction  of  a  test 
involved  removal  of  cloth  from  the  vial  and  attaching 
it  by  staples  onto  two  sections  of  card  stock  (5  by  2.5 
cm).  Approximately  2.5-5  cm  of  masking  tape  was 
used  to  secure  the  cloth  onto  the  card  stock.  The  card 
and  cloth  assembly  was  placed  on  a  drying  rack  for  3-5 
min  before  bioassay  initiation. 


A  single  test  consisted  of  covering  the  hand  of  a 
volunteer  with  a  soft-embossed  long  cuff  poly  glove 
(Atlantis  Products,  Mankato,  MN) ,  then  by  a  powder- 
free  latex  glove  (Diamond  Grip,  Microflex  Corpora¬ 
tion,  Reno,  NV).  Thereafter,  a  knee-high  stocking 
(Leggs  everyday  knee  highs,  Winston-Salem,  NC) 
was  placed  over  the  gloved  hand  and  arm.  A  plastic 
sleeve  constructed  of  polyvinyl  was  the  final  layer  that 
was  then  affixed  over  the  stocking  covered  arm.  The 
plastic  sleeve  was  sealed  around  the  arm  by  a  Velcro 
strip.  About  half-way  between  the  wrist  and  elbow  a 
4  by  8  cm  opening  was  used  to  assess  mosquito  landing 
and  biting  behavior.  The  opening  permitted  attractive 
odors  from  the  skin  surface  to  emanate  out  and  attract 
mosquitoes  to  this  opening  in  the  sleeve.  During  test¬ 
ing,  this  32-cm2  open  area  was  covered  with  one  of  the 
chemical-treated  muslin  cloth  treatments.  Three  vol¬ 
unteers  (three  males)  provided  written  informed  con¬ 
sent.  The  protocol  was  approved  by  the  University  of 
Florida  Human  Use  Institutional  Review  Board-01 
(Study  #636-2005).  Each  volunteer  had  their  own 
cage  of  mosquitoes. 

A  test  started  when  the  arm  with  sleeve  and  cloth 
were  inserted  into  the  mosquito  cage.  If  0-4  bites 
were  received  during  the  1  -min  test  period,  the  dosage 
of  repellent  on  cloth  was  considered  to  have  “passed.  ” 
A  failing  treatment  was  one  that  received  five  bites  out 
of  500  mosquitoes  in  the  cage  in  1  min.  An  interme¬ 
diate  dose  (187  pg/ cm2)  was  tested  first,  and  as  there 
were  four  treatments  and  three  volunteers,  each  vol¬ 
unteer  received  a  different  treatment  at  the  start  of  the 
first  set.  Volunteers  passed  their  treated  cloth  to  the 
other  volunteer  and  the  next  test  interval  was  con¬ 
ducted.  The  three  treated  cloths  were  then  disposed 
of  properly,  and  the  testing  of  the  next  set  of  cloths 
commenced.  Depending  on  whether  the  concentra¬ 
tion  of  a  treatment  passed  or  failed,  higher  or  lower 
treatment  concentrations  were  evaluated  by  the  vol¬ 
unteers  until  each  had  pinpointed  their  individual 
concentration  that  produced  1%  (five  bites)  failure 
point.  At  times,  this  required  one  or  two  individuals 
not  testing  during  a  test  interval.  No  patch  was  eval¬ 
uated  beyond  5  min  after  the  3-min  drying  period  to 
avoid  any  bias  that  may  result  from  evaporative  loss  of 
the  treatment  from  the  cloth  during  the  duration  of 
the  test.  Because  the  mosquitoes  show  reduced  be¬ 
havioral  activity  on  repeated  exposure  to  repellent 
and  attractant  odors  from  the  arm,  after  10  successive 
exposures  of  treated  cloths  by  each  volunteer,  the 
caged  mosquitoes  were  allowed  a  15-min  recovery 
period.  Based  on  previous  assays  of  this  nature,  it  was 
determined  that  a  15-min  interval  is  sufficient  for  re¬ 
covery  from  repeated  chemical  exposures  (Katritzky 
et  al.  2010). 

Larval  Bioassays.  Bioassays  were  conducted  to  test 
R.  chalepensis  essential  oil,  2-undecanone,  2-non- 
anone,  and  2-nonyl  acetate  for  their  larvicidal  activity 
against  Ae.  aegypti  and  An.  quadrimaculatus  by  using 
the  bioassay  system  described  by  Pridgeon  et  al. 
(2009) .  Eggs  were  hatched,  and  larvae  were  held  over¬ 
night  in  the  hatching  cup  in  a  temperature-controlled 
room  maintained  at  a  temperature  of  27  ±  2°C,  60  ± 
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10%  RH,  and  a  photoperiod  of  12:12  (L:D)  h.  Five 
1-d-oldAe.  aegypti  or  An.  quadrimaculatus  were  added 
in  a  droplet  of  water  to  each  well  of  24- well  plates  (BD 
Labware,  Franklin  Lakes,  NJ)  by  use  of  a  disposable 
22.5  cm  Pasteur  pipette.  Fifty  microliters  of  larval  diet 
(2%  slurry  of  3:2  Beef  Liver  powder  [Now  Foods, 
Bloomingdale,  IL]  and  Brewer’s  yeast  [Lewis  Labo¬ 
ratories  Ltd.,  Westport,  CT] )  was  added  to  each  well 
by  using  a  Finnpipette  stepper  (Thermo  Fisher,  Van- 
taa,  Finland)  for  Ae.  aegypti  and  1:1  Beef  Liver  powder 
and  Brewer’s  yeast  for  An.  quadrimaculatus.  All 
chemicals  tested  were  diluted  in  dimethyl  sulfoxide 
(DMSO).  Eleven  microliters  of  the  test  chemical  was 
added  to  the  labeled  wells,  while  11  p\  of  DMSO  was 
added  to  control  treatments.  After  the  treatment  ap¬ 
plication,  the  plates  were  swirled  in  clock-wise  and 
counter  clockwise  motions  and  front  and  back  and 
side  to  side  five  times  to  ensure  even  mixing  of  the 
chemicals.  Larval  mortality  was  recorded  24-  and  48-h 
posttreatment.  Larvae  that  showed  no  movement  in 
the  well  after  manual  disturbance  of  water  by  a  pipette 
tip  were  recorded  as  dead.  A  series  of  five  concentra¬ 
tions  ranging  between  300  and  6.25  ppm  were  used  in 
each  treatment  to  obtain  a  range  of  mortality  between 
0  and  100%.  Treatments  were  replicated  15  times  for 
each  essential  oil  and  chemical  for  Ae.  aegypti  and  five 
times  for  An.  quadrimaculatus. 

Statistical  Analyses.  Proportion  not  biting  (PNB) 
was  calculated  using  the  procedure  described  by  Ali  et 
al.  (2012).  As  the  K&D  module  bioassay  system  can 
handle  only  four  treatments  along  with  negative  and 
positive  controls,  to  make  direct  comparisons  among 
more  than  four  test  compounds  and  to  compensate  for 
variation  in  overall  response  among  replicates,  biting 
deterrent  activity  was  quantified  as  Biting  Deterrence 
Index  (BDI;  Ali  et  al.  2012) .  The  BDIs  were  calculated 
using  the  following  formula: 


Table  1.  The  composition  of  essential  oil  extracted  from  R. 
chalepensis 


RRF 

Compound 

Area  (%)  ± 
(SD)fc 

Identification 

1203 

Limonene 

0.1  ±  0.0 

tR,  MS 

1337 

Geijerene 

2.9  ±  0.0 

fR,  MS 

1372 

2-octyl  acetate 

0.2  ±  0.0 

MS 

1398 

2-nonanone 

27.9  ±  0.8 

tR,  MS 

1400 

Nonanal 

0.5  ±  0.0 

fR,  MS 

1471 

2-nonyl  acetate 

10.6  ±  0.2 

tR,  MS 

1496 

2-decanone 

2.0  ±  0.1 

tR,  MS 

1521 

2-nonanol 

0.8  ±  0.0 

fR,  MS 

1572 

Pregeijerene  B 

1.8  ±0.1 

tR,  MS 

1604 

2-undecanone 

43.2  ±  0.8 

tR,  MS 

1668 

2-decyl  acetate 

2.5  ±  1.0 

MS 

1688 

1 0-methy  1-2-undecanone 

1.0  ±0.1 

MS 

1715 

2-dodecanone 

0.6  ±  0.1 

tR,  MS 

1722 

2-undecanol 

0.6  ±  0.1 

tR,  MS 

181.5 

2-tridecanone 

1.0  ±0.1 

tR,  MS 

2622 

Phytol 

0.7  ±0.1 

MS 

Total 

96.4  ±  12.1 

— 

a  RRI,  relative  retention  indices  calculated  against  n-alkanes,  % 
calculated  from  FID  data. 

b  Average  value  (area  %)  of  three  replicates.  SD  (±)  is  given  with 
percent. 

c  Identification  method:  £r,  identification  based  on  the  retention 
times  (tR)  of  genuine  compounds  on  the  HP  Innowax  column;  MS, 
tentatively  identified  on  the  basis  of  computer  matching  of  the  mass 
spectra  with  those  of  the  Wiley  and  MassFinder  libraries  and  com¬ 
parison  with  literature  data. 

parison  procedure  with  the  option  of  CLM  was  used 
in  SAS.  LCgo  values  for  larvicidal  data  were  calculated 
by  using  SAS,  Proc  Probit.  Control  mortality  was  cor¬ 
rected  by  using  Abbott’s  formula  (Abbott  1925) .  Tox¬ 
icity  was  compared  among  treatments  based  on  non¬ 
overlapping  95%  Cl  (Savin  et  al.  1977) .  Because  MED 
are  single  point  values,  which  were  replicated  three 
times,  means  and  SEs  were  calculated  to  interpret  the 
data. 


[BDI^]  = 


'  PNBtJJl  -  PNBcjk~ 
PNBijk  —  PNBCJk 


Where  PN  BiJk  denotes  the  proportion  of  females 
not  biting  when  exposed  to  test  compound  i  for  rep¬ 
lication  j  and  day  k  (i  =  1-4,/  =  1-5,  k  =  1-3) ,  PNBCJ  k 
denotes  the  proportion  of  females  not  biting  the  sol¬ 
vent  control  c  for  replication  j  and  day  k  (j  =  1-5,  k  = 
1-3),  and  PNBdjA.  denotes  the  proportion  of  females 
not  biting  in  response  to  DEET  d  (positive  control)  for 
replication  j  and  day  k  ( j  =  1-5,  k  =  1-3) .  This  formula 
makes  an  adjustment  for  inter-day  variation  in  re¬ 
sponse  and  incorporates  information  from  the  solvent 
control  as  well  as  the  positive  control. 

A  BDI  value  of  0  indicates  an  effect  similar  to  eth¬ 
anol,  while  a  value  significantly  >0  indicates  biting 
deterrent  effect  relative  to  ethanol.  BDI  values  not 
significantly  different  from  1  are  statistically  similar  to 
DEET.  BDI  values  were  analyzed  using  SAS  Proc 
AN OVA  (single  factor:  test  compound  [fixed];  SAS 
Institute  2007),  and  means  were  separated  using  the 
Ryan-Einot-Gabriel-Welsch  Multiple  Range  Test.  To 
determine  whether  confidence  intervals  include  the 
values  of  0  or  1  for  treatments,  Scheffe  multiple  com- 


Results  and  Discussion 

Hydrodistillation  of  the  air-dried  aerial  parts  of  R. 
chalepensis  yielded  0.84%  (wt:vol)  of  yellowish  oil 
with  strong  odor.  Sixteen  compounds  from  the  essen¬ 
tial  oil  were  identified  using  GC  and  GC-MS  which 
represented  96.4%  of  the  oil  of  R.  chalepensis.  2-un- 
decanone  (43.2  ±  0.8%),  2-nonanone  (27.9  ±  0.8%), 
and  2-nonyl  acetate  (10.6  ±  0.2%),  as  main  constitu¬ 
ents,  were  81.7%  of  the  oil  (Table  1). 

The  chemical  composition  of  R.  chalepensis  essen¬ 
tial  oil  from  different  parts  of  the  world  has  been 
reported  by  many  researchers.  Baser  et  al.  (1996), 
Rustaiyan  et  al.  (2002),  Dob  et  al.  (2008),  Merghache 
et  al.  (2008),  and  Fakhfakh  et  al.  (2012)  reported 
66.49,  52.5,  28.2,  20.4-82.7,  and  12.4-23.8%  of  2-unde- 
canone,  respectively,  in  the  essential  oil  of  R.  chalepen¬ 
sis.  Studies  by  the  same  authors  also  reported  16.2, 
24.1,  5.2-33.6,  20,  and  14.2—41.7%  of  2-nonanone,  re¬ 
spectively,  in  the  essential  oil.  Tounsi  et  al.  (2001) 
reported  2-undecanone  (52.5%)  as  the  major  compo¬ 
nents  of  R.  chalepensis  essential  oil.  Baser  et  al.  ( 1996) , 
Bagchi  et  al.  (1996,  2003),  Rustaiyan  et  al.  (2002),  and 
Gunaydin  and  Savci  (2005)  reported  2-nonyl  acetate 
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Dose  (ng/cm2) 


Fig.  1.  Biting  deterrence  index  (BDI  ±  95%  Cl)  values  of  R.  chalepensis  essential  oil,  2-undecanone,  2-nonanone,  and 
2-nonyl  acetate  against  Ae.  aegypti  females.  A  BDI  value  of  0  indicates  an  effect  similar  to  ethanol,  and  BDI  values  not 
significantly  different  from  1  are  statistically  similar  to  DEET.  Ethanol  was  the  solvent  control,  and  DEET  at  4.8  pg/cm2  was 
used  as  positive  control. 


with  2.43, 2.8-15.3, 9.1, 2.8-10.4,  and  13.8%  as  the  third 
major  component  of  R.  chalepensis  essential  oil,  re¬ 
spectively.  The  percentage  of  major  components 
found  in  the  current  study  falls  in  the  range  reported 
by  the  above  researchers.  The  variations  in  the  com¬ 
position  of  the  essential  oil  are  likely  the  result  of  plant 
parts  used,  harvesting  time,  and  geographical  location 
(Merghache  et  al.  2008). 

The  in  vitro  K&D  system  used  in  this  study  specif¬ 
ically  quantified  the  mosquito  biting-deterrent  prop¬ 
erties  of  R.  chalepensis  and  its  major  constituents.  The 
proportion  of  Ae.  aegypti  not  biting  ranged  between 
0.86  and  0.88  in  DEET  at  4.8  pg/  cm2  and  0.24  and  0.26 
in  the  solvent  control.  In  in  vitro  bioassay,  a  mosquito’s 
decision  of  biting  or  not  appeared  to  be  dependent  on 
properties  of  the  compound  (Ali  et  al.  2013).  Ae.  ae¬ 
gypti  females  that  expressed  a  knockdown  effect  when 
exposed  to  R.  chalepensis  essential  oil  at  50  pg/cm2 
were  excluded  from  the  analyses.  There  were  signif¬ 
icant  differences  (F  =  11.7;  df  =  7,  119;  P  £  0.0001) 
among  the  treatments,  and  mean  BDI  values  of  the  R. 
chalepensis  essential  oil  and  its  major  compounds  (Fig. 
1).  R.  chalepensis  essential  oil  at  10  and  50  pg/cm2, 
2-undecanone  at  8.5  pg/cm2, 2-nonanone  at  9  pg/  cm2, 
and  2-nonyl  acetate  at  9.3  pg/ cm2  showed  biting  de- 
terent  activity  similar  to  DEET  at  4.8  pg/  cm2,  whereas 
2-undecanone  at  4.25  pg/cm2,  2-nonanone  at  4.5  pg/ 
cm2,  and  2-nonyl  acetate  at  4.65  pg/cm2  showed  sig¬ 
nificantly  lower  biting  deterrent  activity  than  DEET. 

The  biting  deterrent  effect  of  R.  chalepensis  essen¬ 
tial  oil  at  50  pg/ cm2  was  similarto  DEET  at  4.8  pg/ cm2, 
whereas  biting  deterrent  activity  of  2-undecanone, 
2-nonanone,  and  2-nonyl  acetate  was  significantly 


lower  than  the  essential  oil  and  DEET  (F  =  11.5;  df  = 
5,  29;  P  £  0.0001;  Fig.  2)  against  An.  quadrimaculatus. 
There  were  no  differences  between  2-undecanone, 
2-nonanone,  and  2-nonyl  acetate  for  biting  deterrent 
activity  against  An.  quadrimaculatus.  Biting  deterrent 
effects  of  R.  chalepensis  essential  oil  at  10  pg/cm2  and 
its  major  compounds  at  dosages  of  £4.7  pg/cm2 
showed  no  biting  deterrent  activity  against  An.  quadri¬ 
maculatus. 

In  the  cloth  patch  assay,  R.  chalepensis  essential  oil 
showed  repellent  activity  at  MED  value  of  187  ±  0 
pg/ cm2  whereas  the  major  essential  oil  compound, 
2-undecanone,  had  the  lowest  MED  value  of  108.9  ± 
71.1  pg/cm2.  Activity  of  2-nonanone  (MED  =  316.8  ± 
141.5  pg/cm2)  and  2-nonyl  acetate  (MED  =  238.9  ± 
141  pg/  cm2)  was  similar  to  2-undecanone  and  all  three 
were  less  potent  than  DEET  (11.1  ±  8.0  pg/cm2). 

Yarnell  and  Abascal  (2004)  reported  that  R. 
chalepensis  essential  oil  was  more  effective  as  repellent 
against  Ae.  aegypti  than  neem,  but  not  as  effective  as 
lemon  eucalyptus  (concentration  of  40-75%)  or  py- 
rethrum.  Ikeshoji  and  Mulla  (1974)  reported  that  un- 
decanones  showed  slight  repellency  whereas  smaller 
ketones  showed  good  attractancy  against  Ae.  aegypti 
and  Anopheles  albimanus  Wiedemann  (Bernier  et  al. 
2001 ) .  The  larger  ketones,  such  as  2-undecanone,  have 
been  shown  previously  to  suppress  the  attraction  of 
Ae.  aegypti  to  L-lactic  acid  in  a  laboratory  olfactometer 
(U.R.  Bernier,  unpublished  results).  Results  from  this 
study  corroborate  the  findings  of  Barton  (2003)  and 
Roe  (2004)  who  reported  repellency  of  2-undecanone 
against  Culex  quinquefasciatus  (Say)  and  Ae.  aegypti. 
2-undecanone  applied  as  30  and  40%  solution  was 
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Fig.  2.  Biting  deterrent  effects  of  DEET  at  4.8  pgl cm2,  R.  chalepensis  essential  oil  at  50  pgl cm2, 
fig!  cm2,  2-nonanone  at  9.0  fig/ cm2,  and  2-nonyl  acetate  at  9.3  fig/ cm2  against  An.  quadrimaculatm. 


2-undecanone  at  8.5 


100%  active  on  human  skin  for  15  min  against  feeding 
Ae.  aegypti  (Barton  2003),  while  it  showed  100%  re- 
pellency  for  6  h  against  Cx.  quinquefasciatus  both  at 
100  and  50%  concentrations  (Roe  2004).  Innocent  et 
al.  (2008)  also  reported  100%  protection  at  a  10% 
2-undecanone  concentration  against  Anoplwles  gam- 
biae  s.s. 

R.  chalepensis  essential  oil  showed  larvicidal  activity 
against  Ae.  aegypti  with  LC50  value  of  22.2  ppm,  at  24-h 
posttreatment  (Table  2).  Based  on  nonoverlapping 
95%  CIs,  2-undecanone  with  LC50  value  of  14.37  ppm 
was  significantly  more  toxic  to  Ae.  aegypti  than  the 
essential  oil.  Larvicidal  activity  of  2-nonanone  was 
significantly  lower  than  R.  chalefiensis  essential  oil  and 


2-undecanone,  while  2-nonyl  acetate  which  was  the 
third  major  compound  did  not  show  any  larvicidal 
activity.  In  An.  quadrimaculatus,  larvicidal  activity  of 
R.  chalepensis  essential  oil  (LC50  =  14.9  ppm)  was 
statistically  similar  to  2-undecanone  (LCS0  =  14.2 
ppm),  while  toxicity  of  2-nonanone  (LCS0  =  65.5 
ppm)  was  significantly  lower.  There  was  a  significant 
difference  in  mortality  between  24-  and  48-h  post¬ 
treatment  in  An.  quadrimaculatus  larvae. 

At  24-h  posttreatment,  toxicity  of  R.  chalepensis  es¬ 
sential  oil  and  2-nonanone  was  significantly  lower  in 
Ae.  aegypti  than  An.quadrimaculatus,  while  mortality 
was  similar  with  2-undecanone.  There  was  signifi¬ 
cantly  higher  mortality  in  all  treatments  in  An.  quadri- 


Table  2.  Toxicity  of  R.  chalepensis  essential  oil  and  its  major  constituents  against  1-d-old  larvae  of  Ae.  aegypti  and  An.  quadrimaculatus 
24-  and  48-h  posttreatment 


Oil/  compound 

Time0 

Ae.  aegypti 

An.  quadrimaculatus 

LC50  ppm  (95%  CI)° 

LC90  ppm  (95%  Cl) 

df 

LC50  ppm  (95%  Cl) 

LC90  ppm  (95%  Cl) 

/ 

df 

Essential  oil 

24 

22,2  (19.4-25.4) 

36.6  (31.1-47.5) 

47.8 

46 

14.9  (11.8-18.8) 

42.4  (31.2-69.7) 

45.9 

23 

48 

21.7  (19.6-24.1) 

36.6  (32.0-44.1) 

78 

46 

>0.49* 

>22.5b 

4.3 

23 

2-undecanone 

24 

14.37  (12.7-16.3) 

27.18  (23.1-34.3) 

71.8 

48 

14.2  (11.3-17.6) 

35.0  (26.7-54.9) 

39.2 

23 

48 

12.6  (11.1-14.2) 

23.4  (20.0-29.4) 

67.9 

48 

>2.2b 

>7.1i 

3.3 

23 

2-nonanone 

24 

106.9  (95.2-119.9) 

259.67  (220.9-320.3) 

140.9 

73 

65.5  (53.0-81.1) 

159.9  (122.0-245.5) 

46.8 

23 

48 

82  3  (  73.6-91.9) 

185.4  (160.1-223.5) 

148.7 

73 

10.2  (0.8-21.2) 

114.2& 

10.7 

23 

Time  refers  to  hours  posttreatment. 

CIs  were  not  estimated  because  of  high  mortality  at  the  lower  dosages  in  An.  quadrimaculatus  at  48-h  posttreatment. 
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maculatus  than  Ae.  aegypti  at  48-h  posttreatment.  This 
is  the  first  report  on  larvicidal  activity  of  R.  chalepensis 
essential  oil  and  its  major  compounds  against  larvae  of 
these  species.  Larvicidal  activity  of  the  plant  essential 
oils  against  Ae.  aegypti  has  been  reported  by  previous 
researchers.  Kim  et  al.  (2012)  reported  toxicity  (LC50) 
of  essential  oils  of  cassia  (58.2  ppm),  rosemary  (75.0 
ppm),  lemon  eucalyptus  (140.1  ppm),  lemon  grass 
(78.5  ppm),  and xanthoxylum  (124.1  ppm)  against  first 
instar  larvae,  while  Cavalcanti  et  al.  (2004)  reported 
LCS0  values  of  63,  67,  and  60  ppm  for  Lippia  siodise, 
Ocimum  americanum,  Ocimum  gratissimum,  respec¬ 
tively,  in  third  instar  larvae.  The  essential  oils  from 
different  plant  sources  contain  many  similar  com¬ 
pounds,  but  in  different  ratio’s,  which  are  thought  to 
be  responsible  for  variability  in  larvicidal  activity.  Our 
data  document  that  R.  chalepensis  oil  contains  a  di¬ 
verse  blend  of  compounds,  with  2-undecanone  being 
the  major  compound  that  may  be  contributing  to  the 
larvicidal  activity  of  this  oil. 

In  conclusion,  this  study  revealed  that  R.  chalepensis 
essential  oil  and  its  major  compounds,  2-undecanone 
and  2-nonanone,  have  larvicidal  activity  against  Ae. 
aegypti  and  An.  quadrimaculatus.  At  higher  dosage 
rates,  R.  chalepensis  essential  oil,  2-undecanone, 
2-nonanone,  and  2-nonyl  acetate  all  showed  biting 
deterrent  activity  similar  to  DEET  against  Ae.  aegypti, 
but  the  activity  of  2-undecanone  was  significantly  less 
than  the  essential  oil  and  DEET  against  An.  quadri¬ 
maculatus.  In  repellency  bioassays,  2-undecanone  was 
the  most  active  compound,  confirming  the  findings  of 
previous  repellent  research  on  this  compound  with 
biting  deterrence  data  being  reported  for  the  first 
time.  At  a  concentration  of  50  pgl  cm2,  R.  chalepensis 
essential  oil  provided  knockdown  of  portion  of  Ae. 
aegypti  adults.  An.  quadrimaculatus  knockdown  was 
not  observed  in  any  of  the  treatments.  Further  inves¬ 
tigations  will  evaluate  the  toxic  effect  of  R.  chalepensis 
essential  oil  on  mosquitoes.  Because  the  composition 
of  R.  chalepensis  essential  oil  varies  depending  on  the 
plant  parts  used,  harvesting  time,  or  geographical  lo¬ 
cation,  the  activity  level  of  the  essential  oil  may  de¬ 
pend  on  the  source  of  the  sample.  These  results 
indicated  that  the  R.  chalepensis  essential  oil  and  2-un- 
decanone  could  be  used  as  repellent  against  Ae.  ae¬ 
gypti. 
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